® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



Publication number: 



0 202 780 

B1 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of the patent specification: 
02.11.89 

@ Application number: 86302987.2 
@ Date of filing: 21.04.86 



© Int o/: C02F 1/56 



Flocculation processes. 



o 

00 

M 
O 

w 



® Priority: 25.04.85 GB 8510496 
29.10.85 GB 8526624 



© Date of publication of application : 
26.11.86 Bulletin 86/48 



© Publication of the grant of the patent : 
02.11,89 Bulletin 89/44 



Designated Contracting States: 
BEDEFRGBITNLSE 



References cited: 
DE-A-2700654 
GB-A- 1579007 
US-A-3977971 

CHEMICAL ABSTRACTS, vol. 92, no. 18, 5th May 1980, 
page 140, abstract no. 149150f, Columbus, Ohio, US; 
R J. AKERS et el.: "An experimental study of the effect 
of shear on floes", & WORLD FILTR. CONGR., 
[PREPR.], 2nd 1979, 365-75 



@ Proprietor: ALLIED COLLOIDS LIMITED, P.O. 
Box 38 Low Moor, Bradford West Yorkshire, 
BD120J2(GB) ' 

@ Inventor: Flesher, Peter, Little Beck Beck Lane, BIngley 
WestYorkshlre(GB) * 
Inventor: Farrar, David, 13 Green Field Lane Idle, 
Bradford West Yorkshlre(GB) 
Inventor: Field, John Rodney, 2 Leyburn Avenue 
Hipperholme, Halifax West Yorkshire(GB) 

® Representative: Lawrence, Peter Robin Broughtonet at 
GILL JENNINGS & EVERY 53*64 Chancery Lane, London 
WC2A 1HN(GB) ' 



0. 
Ul 



Iio t c;.lS?i h,n "a 6 , m ?52? fr0m the P ubllcat( on of the mention of the grant of the European patent any person mav oive noti^ t« 

ACTORUM AG ^ " ' 



BEST AVAILABLE COPY 



* 



10 



15 



20 



40 



45 



EP0202 780 B1 



Description 



c £ n ^tT^^^^ r S0,u ^ ,e monomere or monomer blends were first introduced as floo 
n«^£, k ™d-1950's maximum molecular weights were relatively low compared to the 

present day. The initial polymers typically had molecular weights well below 500,000 and Eus were of a 
wJ-ntT^ 6 ? oIecular we| 9 ht now associated with coagulants, rather thar Wgh motecu a^ 
weight flocculants. These low molecular weights were probably caused by the oraence o ch^n 1™Z 
fer agents and other Impurities in the monomer or polymerisation mbcture P resenco * chain trans- 

It was recognised that the polymers had to be In solution and if the polymers were not d^nHo *h«ir i™, 

P^TiW S0 ' Ub 'f "•r* {for lnstance due toSS^inwS) ttSJ t 
K^fn u ?£E?22 f h0 ^°9fnise them so as to put them Into solution. For Instance Miller d£ 
3.021.269 ulfrasonic degradation of a highly cross linked insoluble polymer gel "havina at 
most infinite molecular weight" to render it water soluble as a result of severing the oolvmVric 2™ 
^VL^Tm^^T "'f'Wr low molecular weight and the highest qZed mofe^laTwIiahi 
for the end product is 630,000 and the highest Intrinsic viscosity (IV) 2.54 dl/g moiecuiar we.gnt 

Similarly, Goren described in a 1954 patent application (published as US 9 2V5iiQn\ rii en »,.i M 

?£isz&"? water „ u ^ n9 a w ^ 9 B,e ^° r - S W^Hfffiissss 

or by the addition of cross linking agent and the cross linking appears to have caused the (formation of 
Zlttwf °'h Uble ' non : sw t e,lab,et polvm8r m S8ttl8d out of Son. SoUbS ol % were 
atten n& a ^T h 9 , 6n |f aton h , a hand , homo 9 8nIser 80(1 rt *«■ «*««™* that the effect on aSome* 
ation performance of th s homogenisation Is drastic, with most of the products being useless afow ho- 
mogenisation. Again, ail the polymers were of very low molecular weight as i^nd^W fte^ that 
ttie h ghest specrflc viscosity (measured by a capilliary flow viscometer at 34«C on a 0 5% loKnin 

moving Mlour from aqueous solutions. For instance typical modem pofymeFcoMulanfe teve a mol^ 
an ShiIZ. 10 ^ ou * ? 00 - 0 4 °0- Typical polymer coagulants may be S ^Sof^S 
30 with dirnetiiylamme Smce the resultant linear product may have extremely low molecSar we aht it 

ttt&SZSS? diamine in 0Kter t0 increase *■£ *Sf3SS£ 

„» G °r? n p f!? ulate f agglomeration involved electrostatic attraction followed by a sweeolna action 
of a filamentary network of the cross linked polymer. This mechanism has come to be re^nfeed afthe 
35 classical mechanism of coagulating turbidity and colour, namely very fine suspend^ S» made 
tenffi P 0| y m8risati0 ? f °«™« d by comminution and showed that his aqueous eSSZStom 
S^,l n e r"° IVh0rn09 ! 1 neou ?' In mat there was a tand9nc y for "«»luble Polymer to predptorte from 
the solution. Goren warned against cross linking too much and indicated that the optimum wasthe evefS 
which Ihe polymer is still readily dispersible in water. Since Goren was fS^SSTSSu^nbi 
m ^ eCUlar neta ?!? mis indicates * at hls dfepersibillty had KtaSK e* 

In contrast to these low molecular weight polymer coagulants, modem flocculants ffor flocculatina 
suspended solids such as sewage) are linear polymers of very high molecular weSrtl Moat Knb? 
SSThSS2? y T i of ! en . above 1 °- ™e polymers have to be Kneard n^ross Md£!£& 
^ e ^ e ^ e0,,V ! 30,1 ofl8n inso "b' 9 ' ^"S" amounts of cross linking may exist wB detract 
'"IS? 1 ?^ 6 PO^ar Properties (see for instance U.S. 3,557,061 column 3 line 35) 

Whether or not a high molecular weight polymer is suitable for use as a flocculant is determined in oart 
by observing the rheology of aqueous compositions of the polymer. SaflS^lynwre dve a W 
50 or "stringy- rheology. This Is recognised in the art and can b*timoi»*5Iito^ 

^ofZ 9 en S *?,n 1 h OW ^ ra,a,in9 Stirrer u followed bv a 8 eln 9. and a gla^s rod is manua^puHed eSlsl 
SLfUSfJ^*? 1 f0d l raw ? 8 lonfl thread of imposition with it The thread Is generally at least^ m 
55 ^M*Z£fl£Z ST be 1 d88C * Bd as navi "9 a rheology of 5 cm. Often the meoTo^ "to SJw ™ 
55 cm. If, In confrast to this, the potymer gives a "short" or "granular" rheology (I e In the above tesTfhB 
rod puNs substantially no thread, for Instance below 5 cm and often below 2 *m of comVosMoTthe odv 
mer win be rejected and will not be used as a flocculant Experience has shown mat aSSmm i oMta ftb 
short rheology are unsatisfactory in conventional flocculation processed It bSS "a'hS 5£ 

60 no^filmr^^Hr 1 ! 0 ' 3 ' 0W m0,8CU,ar weight 1,16 ahort^lymere can also be^acteris 9 edt 
so non-film forming, in that when an aqueous composition Is dried it does not form a film. 

w SSS&JLEPT ? j8Ct8d " ll . h " a lar9e particle 8,26 80(1 ,s cross linked a"fflolent to ensure 
thatinso uble sohd polymer does not go into stable suspension in the aqueous composition 

thJwattT! I "^"P 8080 " 3 composition Is stable in the sense that the polymer Is in full equilibrium with 
the water. I e., it has reached its ultimate degree of solution or swellingifor instance es a result of aae- 
65 ,ng for two hours or more. It Is homogeneous in the sense that the poftner renS fuXmty d fejereed 



4 

> 



2 



EP 0 202 780 B1 



throughout the composition (usually in the total absence of dispersing agent although minor amounts may 
be present as a result of the manufacture of the polymer) with no tendency for material to precipitate 
from the composition on standing for a few days. 
The unsuitably as flocculants of short rheology polymers (as defined above), and of polymers that 

5 do not go into stable suspension or solution are well understood in the art. Very high molecular weight, 
linear, truly dissolved polymers are preferred. 

Certain high molecular weight polymers, for Instance polymers of Mannich bases, have a tendency to 
cross link spontaneously and acquire a rather short or very short rheology or become totally insoluble. 
It frequently happens that high molecular weight polymers are produced which have rheology that is 

10 shorter than is desirable. Polymers of very short rheology (below 2 cm), or that are insoluble, are reject- 
ed. Polymers with longer, but still rather poor, rheology may be used under the same conditions as if they 
had the desired long rheology but this leads to poor performance properties. 

In QB 1,579,007 it is alleged that high molecular weight cationic flocculants give optimum performance 
when the polymers have a cationicfty value of at least 90% of the theoretical cationicity value. 

15 Rocculant polymers may be made by reverse phase suspension or emulsion polymerisation to a very 
small particle size. Before use, the resultant emulsion is added to water, generally In the presence of oil- 
in-water emulsifying agent and usually with stirring, and allowed to form a true solution before use. Thus 
the system is always allowed to go to equilibrium (i.e., a stable homogeneous composition), often shown 
by attainment of maximum viscosity, before it is added to the suspension. 

20 The linear, high molecular weight flocculant polymers are used by forming, with ageing, a true aqueous 
solution of the polymer and dosing this with minimum agitation into the suspension, followed by dewatering 
of the suspension. Optimum results require accurate dosing and the minimum of agitation during floccula- 
tion. If the dose is too low or too high flocculation is inferior. The optimum dose depends upon the content 
of the suspension and so variations In it, for instance variations in the metal content of industrial sew- 

25 age effluent, can greatly affect performance. The floes are very sensitive to shear and agitation, espe- 
cially if the dosage is not at an optimum, is likely to redisperse the solids as discrete solids. This is a par- 
ticular problem when the flocculated solids are to be dewatered under shear, for instance on a centri- 
fuge, because If dosage and other conditions are not optimum the centrate is likely to have a high 
discrete solids content 

30 It would be desirable to provide a flocculation process in which the dosage of flocculant is less dose 
sensitive and the floes are more stable to shear than with conventional dissolved high molecular weight 
flocculant polymers. 

In the invention an aqueous suspension of suspended solids is flocculated by adding a synthetic poly- 
meric material to form an aqueous medium containing flocculated solids and the process is characterised 
35 in that at the time of addition to the suspension the polymeric material has a specific viscosity above 10 
(generally above 100), and comprises polymeric particles having a dry size of below 10 jim, the polymeric 
material is added in a floe stabilising amount, and the flocculated solids are subjected to shear in the 
presence of the aqueous medium substantially without increasing the amount of discrete suspended sol- 
ids in the aqueous medium. 

40 Thus the invention is based on the discovery that the shear stability of the floes can be increased by 
initiating, and usually completing, flocculation while some or all of the polymeric material is in the form of 
small particles rather than a true solution. For optimum flocculation the dosage of the polymer should 
usually be greater than the optimum amount used with fully dissolved polymers but the process Is not so 
dose sensitive as with fully dissolved polymers. 

45 The particulate material can be soluble. Thus a conventional reverse phase emulsion of soluble poly- 
mer can be mixed direct Into the suspension or, usually, is diluted in the absence of olWn-water emulsifier 
and/or with insufficient stirring or ageing to form a true solution, and is added to the suspension. This is 
in contrast to previous experience where the aqueous composition was always allowed to age to maximum 
viscosity (true solution) before use since conventional low shear flocculation (e.g., sedimentation) had 

50 shown this to be essential for satisfactory results. 

It Is often preferred that the polymeric material should comprise particulate insoluble polymer. This 
may be insoluble due to the Inclusion of insolubilising monomers or due to the provision of a controlled de- 
gree of non-linearity in an otherwise soluble polymer. Commercially the Invention is best performed by 
making reproducibly a polymeric material having a controlled degree of non-linearity, this is used to floc- 

55 culate an aqueous suspension and this is then subjected to shear without substantial redispersion of the 
solids to become discrete suspended solids. This is in contrast to previous experience where non-lineari- 
ty may have occurred by accident and the polymer was then either rejected as being useless or was 
used in either a conventional low shear process or was used in an inadequate amount in a high shear 
process, with consequential redispersion of solids. 

60 The shear to which the flocculated solids are subjected may be applied only during dewatering of the 
solids but preferably the flocculated solids are subjected to shear by shearing the aqueous medium con- 
taining them. For instance instead of mixing the aqueous flocculant into the suspension In conventional 
gentle manner, with little or no agitation of the floes, in the invention the aqueous medium is preferably 
sheared by stirring sufficient to reduce floe size. This is particularly desirable when the aqueous sus- 

65 pension is viscous, eg, It has a solids content above 3% by weight for primary or digested sludges or 
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about 1.5% for activated sludges. At these high solids contents the fiocs are likely to be very large, for 
instance above 5cm (and often the solids may go into a substantially continuous floe) and the shear is 
preferably such as to break this large fioc structure down into floes typically having a size in the range 
2 to 20 mm. Because of the particulate nature of the polymer, and appropriate choice of the amount of 

5 particulate polymer, this floe breakdown occurs without the amount of discrete suspended solids in the 
aqueous medium increasing substantially, or preferably at all, compared to the amount that is present if 
the suspension is not sheared. 

After shearing, the medium may be dewatered. Dewatering may be by sedimentation or by drainage or 
vacuum filtration but a particular advantage of the invention Is that the fioc structure can be very effec- 

10 tively dewatered under shear, and in particular on a centrifuge, piston press or belt press, to give very 
high recovery of solids, and very low suspended solids In the filtrate. 

Dewatering of flocculated solids can be conducted, especially at relatively low solids concentrations, 
under shear, e.g., on a centrifuge, even If the flocculated aqueous medium is not first subjected to 
shear, but generally less effective dewatering is obtained. 

15 The improved floe structure obtainable in the invention, compared to the use of conventional dis- 
solved floccufants, permits dewatering to an increased solids content, thereby for instance reducing the 
amount of energy required for Incinerating a sewage filter cake. The Increased floe strength however is 
valuable in various other processes. 
The floes obtained in the process (preferably using insoluble polymer) can be continuously kept in sus- 

20 pension by agitation of the aqueous medium without any substantial increase in the discrete suspended 
solids in the aqueous medium. For instance the polymeric material (usually as a stable homogeneous 
aqueous composition) may be added (optionally with applied shear) to an aqueous suspension whilst it is 
being agitated and this agitation may provide shear and may keep the resultant sheared flocculated sol- 
ids in suspension. The continuous agitation may be continued for several hours and usually for at least a 

25 day or several days, without substantial floe breakdown. This is of value, especially when using anionic 
flocculants, for transporting inorganic or other solids In a fluid medium, for instance by pipeline or in any 
process in which agitation is applied for prolonged periods, e.g., in chemical or biochemical reactors. 

The process is of particular value when the aqueous medium is a chemical reaction medium and the sol- 
ids are a catalyst for the reaction, since we have surprisingly found that a stirred or otherwise agitated 

30 reactor can be operated for prolonged periods with the catalyst in the form of floes. This facilitates the 
separation of the aqueous medium from the catalyst, for instance as the medium is withdrawn continuous- 
ly or batchwise from the reactor. This process is of particular value in the catalytic hydrolysis of a nitriie 
to form an amide, for instance when the aqueous medium is an acrylonttrile hydrolysis reaction medium to 
form acrylamide. The catalyst is preferably a copper catalyst, for instance of reduced copper oxide or, 

35 preferably, Raney copper. 

Another process where the shear resistance of the floes is desirable Is in the formation of paper and 
paper products such as board, since the processes of the invention permit improved dewatering of eel- 
luiosic and other suspensions. In conventional paper production it Is generally necessary to minimise the 
amount of shear to which the floes are subjected and so in practice the floccuiant is added at the end of 

40 the pulp flow line, as late as possible before the drainage or other dewatering stage. In the invention 
however It is possible, and frequently desirable, to add the floccuiant (preferably an insoluble polymer) 
at an early stage in the pulp flow line so that the act of pumping the flocculated dispersion along the flow 
line towards the drainage or other dewatering stage involves the application of shear to the flocculated 
pulp, and this shear converts the floes to medium or small size floes substantially free of undesirable 

45 fines. A preferred process of the Invention therefore comprises flocculating a celiuloslc suspension by 
addition of the polymeric material, usually as a stable homogeneous aqueous composition and pumping 
the flocculated suspension along a flow line with sufficient shear to break down the floes to smaller, 
shear stable, floes and then dewatering the suspension by drainage or other suitable means. This proc- 
ess is of particular value when cationic starch is also added to the dispersion since the overall process 

50 then gives an exceedingly good combination of paper strength and retention and dewatering properties. 
For this process the floccuiant polymer is preferably an anionic polyacrylamlde. Synergism appears to 
exist 

Another advantage of the invention is that the process is much less dose sensitive than when using 
truly dissolved flocculants and so there is much less risk of obtaining inferior performance due to under- 
55 dosing or over-dosing. Even after shearing the suspension ft Is usually possibly to obtain floe size that 
is much greater than Is obtainable using conventional dissolved flocculants. Because, at the optimum 
dose, the floe size is much greater than is available conventionally this means that the dose can be var- 
ied above or below the optimum whilst still obtaining improved results compared to those obtainable con- 
ventionally. 

60 Although the invention can be used for flocculating a wide variety of aqueous inorganic suspensions 
and aqueous organic suspension, especially sewage, it is of particular value in the centrifugal dewater- 
ing of municipal sewage that includes a significant industrial component, especially that includes variable 
amounts of metal. Best results are generally obtained when the flocculated aqueous medium is vigorous- 
ly stirred, so as to apply shear to the flocculated solids, before entering the bowl of the centrifuge. 

65 The polymeric material can be dosed into the suspension in any convenient manner (e.g., a dispersion 
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jn oil could be metered carefully into the suspension) but is preferably added In the form of a dilute aque- 
ous composition, typically having a concentration of 0.01 to 3%, generally 0.05 to 1%. It should prefera- 
bly be a microdispersion. By this we mean that if a layer of this composition Is allowed to dry microscopic 
examination readity identifies discrete polymeric particles, optionally interconnected by a film of water 
5 soluble polymer. Often the composition does not form a film. The polymer particles must be below 1 0 urn 
dry size preferably below 2 urn, but preferably swell, e.g., to at least twice their dry diameter, and often 
at least 5 times their dry diameter, in water. 

When the polymer particles are insoluble it is preferred for the aqueous composition to be a homoge- 
neous stable composition as defined above although the polymer particles can go to equilibrium with the 
Z^ll ^*?5^ sus Penslon to some extent at least If the polymer particles are soluble then they 
must be added to the suspension before they dissolve and preferably initial flocculation is complete be- 
fore they can dissolved. 

In order that the particles have the desired small size they are best prepared by emulsion or reverse 
phase polymerisation. 

15 Although we believe it to be essential to Include non-dissolved particles it appears that dissolved poly- 
meric matenal may also contribute to the invention and so the polymeric material that is added to the sus- 
pension may include also dissolved linear polymer. When the polymer particles are cross linked it is gen- 
erally preferred to provide this as a soluble component of the cross linked particles, so that upon dis- 

™ P^u 9 the P^?! 655 ir J , tne aqueous composition the particles swell and the soluble component dissolves 

20 into the composition. However it is also possible either to blend a dissolved polymer with a particulate 
(generally insoluble) polymer in the aqueous composition or to add these polymers sequentially to the 
aqueous suspension, the dissolved polymer generally being added first When the mixture of dissolved 
and particulate polymers Is made by blending polymers the chosen polymers are usually co-ionlc or one 
or both may be non-Ionic, or they may be counter ionic. Usually the polymers are made from the same 

25 monomers, and often differ only in the degree of cross linking. 

<iJ? ,e k am0 i UI Sl? f ^ 8S( ! lved p u yme ^ ls usualIy from 0 t0 50% ' Preferably up to 20%, preferably at least 
1 0%, by weight total polymer, the balance being particulate. 

The particles may be wholly insoluble, non-swellable, polymer particles. For instance they may be 
formed of wholly water insoluble monomers or, more preferably, a blend of water soluble and water insol- 
30 ub e monomers such that the polymer is Insoluble in water (generally at both high and low pH values). In- 
solubility is often further increased by cross linking. J 

Preferably however the particles are formed of a monomer or monomer blend that is soluble In the 
aqueous composition and the particles are either soluble in the aqueous composition and are used before 
they dissolve, or, preferably, are cross linked sufficient that they are insoluble In but swollen by the 
aqueous composition. This cross linking (which may be chain branching) may be brought about by control- 
led spontaneous conditions such as heating or irradiation, provided the degree of chain branching or 
other cross linking is reproducible and controllable, but preferably is brought about by reaction of the 
monomer or monomer blend, or the final polymer, with a covalent or ionic cross linking agent 

Cross linked poryer can be made by cross linking a preformed linear water soluble polymer having a 
specific viscosity above 10 with a cross linking agent, e.g., by mixing an aqueous solution of the polymer 
with cross linking agent whilst stirring with sufficient force to form a homogeneous stable aqueous com- 
position. If the strnng is inadequate cross linked polymer will precipitate from the composition. If it is ad- 
equate then the polymer will be broken up Into sufficiently small particles, below 10 urn and preferably be- 
low 2 |im dry size, that the particles will remain in stable homogeneous dispersion. The cross linking agent 
45 for th s purpose can be, for instance, formaldehyde or glyoxal or metal salts but preferably is a counteri- 
onic linear water soluble polymer having specific viscosity above 10. Preferably both polymers have 
specific viscosity above 100. By selecting appropriate amounts of polymers having anionic and cationic 
groups it is possible to obtain a stable homogeneous aqueous composition of coprecipitated, or cross 
linked, polymer and, if desired, to leave an excess of a water soluble polymer of one ionic type 
50 The preferred way of making the aqueous composition is by mixing into water particles of polymeric ma- 
terial having dry size below 10, and most preferably below 2, »m and which have been made emulsion po- 
lymerisation or by reverse phase emulsion or suspension polymerisation of one or more monoethyienicai- 
y unsaturated monomers. The polymer may be soluble but is preferably insoluble as a result of a control- 
led addition of cross-linking agent to the monomer or monomer blend, which Is preferably water soluble 
55 The monoethylenically unsaturated material may be contaminated with a small amount of cross-linking 
agent and me amount of additional cross-linking agent that is added will therefore be selected having re- 
gard to this. PreferaWy the monoethylenically unsaturated material is as free of cross-linking agent as 
is commercially possible, for instance containing cross-linking agent in an amount that gives cross link- 
ing or chain branching less man Is given by 1 ppmMBA (1 part methylene bis acrylamide per million parts 
60 monomer). The amount of MBA that Is added is generally at least 0.1 or 0.2 ppm and below 100 ppm (based 
on monomer), generally 1 to 50 ppm. The precise amount will depend upon the polymerisation and other 
processing conditions. Instead of using MBA, cross-linking may be by equally effective amounts of oth- 
er diemylenically unsaturated compounds such as ethylene glycol di-acryiate, diacrylamide, cyanometh- 
ylacrylate, vinyioxyethylacrylate or methacrylate and other means of cross linking, e.g., formaldehyde 
65 or glyoxal or metal salt addition. Preferably a water-soluble cross-linking agent is used 
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™°^ r ? e ° f nonjineantycan additionally be controlled by the inctusion of chain transfer agents in 
tiie polymerisation mixture. Their use. in combination with cross-linking agent, will tend to promote chJn 
branching rafter than cross linking. Amounts may vary widely. For instance 1,000 to 500^ (based 
on monomer) of a moderate chain transfer agent such as isopropylalcohol may be suitable whilst much 

LZTa^S X^V°° '° 5 °^ Ppm ' ° f more effecfive ehaln b ™ M <* ^ e™ mercStoeT 
ano are useful Often, however, adequate results are obtained by conducting polymerisation under con- 
ventual conditions, without deliberate addition of chain transfer agent, using commSy wra mo- 
noeftylenicaily unsaturated monomer together with the specified amlunt of MBAo^Xi Knktog 

10 Jn! lead u C ! f ■ n ? olub . ili f in 8 the polymer by cross linking it may be formed from an insoluble monomer, or a 
monomer blend containing sufficient insoluble monomer to insolubllise the polymer 
. n n!?!?! l 0noe, ! ,yl f nically unsalu rated monomers may consist of one or more ionic monomers or a blend of 
acrylia n0n " ionic monomers - 109 monomers can be allyl monomers but are generally vinyl, preferably 

15 Suitable non-ionic monomers are acrylamide, methacrylamide, N-vJnylmethylacetamide or formamide 
wy 1 Pyrolidone methyl methacrylate or other acrylic (or other ethylenically unsaturated 
ester or other water Insoluble vinyl monomers such as styrene or acrylonitrile. 
Suitable anionic monomers are sodium acrylate, methacrylate, itaconate, 2-acrylamido 2-methvl Dro- 
*n S^l!i5S° 1 na,e 'K SUlP n ° pr0py ! 2 c °? a,e -,? m8tha «ylate or other water soluble fomis of these or other 
SSSafe^l 0 y e^ O e r d SU Sulphomethylated acrylamide. allyl sulphonate or sodium vi- 

Suitable cationic monomers are dialkylaminoalkyl acrylates and methacrylates, especially dialkylami- 
noethyl acrylate, and their quaternary or acid salts, and dialkylaminoalkylacrylamides or methactvla- 
mldes and their quaternary or acid salts for Instance methacrylamidopropyl trimethyl ammonium chloride 
38 quatemlsed d aWemir»memylacryiamides. Alkyl groups are ge^eralry 

n»I^ e ^ 0 I , i m f r ? < S" 1 contaIn h y dra P hoblc aroups, e.g, as described In EP-A 0 172 723. for instance on 
55! 0 *■£ 't? 8 mo , no . mer 18 to lm Part Insolubility to the polymer the ethoxy chain should be short or 
absent, i.e., n=0. The allyl ether monomers are especially preferred. 
30 « n I h l e fl p0ly ? 8 J 8 M ti 2 n oondHjons are Preferably such that the polymer has, If uncross linked, a conven- 
tional flocculant high molecular weight of 5 million to 30 million and an intrinsic viscosity of above 4 preT 
eraty above 6. e.g.. up to 15 or 20 dl/g. If the polymer is cross linked It is preferably polymerised such 
that it would have such molecular weight if it had been made In the absence of cross Unidng agent How- 
ever cross linWng will reduce the IV but the shearing may then cause the IV to Increase" as eHed be- 

5"' J" 8 s c p f n afic J v L scoshy f * 8 PotW"- ^asured as defined above, Is generally above 100 prefera- 
bly above 500 and frequently above 1000. ^'™ ra 

-J he J ) ? icle sbe , i h « u emuIsi on or reverse phase polymerisation mixture may be controlled by the de- 
gree of shear appfied to the monomers and by the possible presence of emulsifying agent Emulsion po- 
fyme nsation may be utilised when polymerising, for instance, water insoluble monomers such as acrylic 
40 esters or water Insoluble but acid soluble monomers such as amines (the resultant polymer beina distrib- 
uted into acidic aqueous composition) but generally reverse phase emulsion or suspension poly- 
merisation Is utilised when the monomer or monomer blend is soluble in water. The aqueous monomer is 
emulsified into a suitable non-aqueous liquid, generally In the presence of a water In oil emulsifier 
generally in an amount below the critical micell concentration. Emulsifiers. stabilisers, non-aqueous lio- 
SSLS" cd°? n!2L e iS V^** po^erisation materials and process details are described in. for ln- 

T^SSiSaStiS! po * mer partic,e8 may to dehydrated ' for instence Dy SUDjectin9 *° disper - 

^.!&JE£? r ?l ult il 19 fro !H.* e reverse phase Polymerisation or emulsion polymerisation is gen- 
sn rf« V m r hf « n?\^l° Ut 6 ^' 0n °f *7 P ? lymer partic,es fro" 1 but if d <*ired ^ed polymer rirtl- 
TL"£? 't 8 °Porated from the dispersion in known manner. Because these dry particles will be wry 
dusty they should preferably be formed Into pellets that will disintegrate upon addition to water 

The polymer-in-oil emulsion that results from reverse phase polymerisation may be added to water to 
££i nfJ^u 8 com P° s, * an (o' to the suspension) in the presence of oiHn-water emulsifier in conven- 
tional manner. However when the polymer is water-soluble it Is preferred to make the addition in the ab- 
dehydrated B so 1hat *" rate of solution te s,ower - 7118 reverse P hase emulsion is preferably 

orfl? 9 Po'y" 18 ", 88 *^" conditions are preferably such that the polymer particles resulting from the polym- 
erisation have the desired controlled degree of solubility but it is possible to produce polymer particles 
that are too highly cross linked and then to subject this polymer to sufficient shear to restore It to a de- 
™, „f2"V° ' d, 9 ^ 88 o f cross linking. This shear may be applied to the dispersion in which the poly- 
^h^c^tf 8 f T2 5 P, r8,sr ?? | y- ^ the aqueous homogeneous composition. For Instance when 
such a solution has short rheology the mixing may convert it to long rheology. These processes are de- 
scnbed in our application EP-A 201 237 filed even date herewith 

^SdaT'^Le^ 18 cross linked and calionic, and in particular when it is a copolymer of 
acrylamide with at least 5%, and preferably at least 10%, by weight dialkylamlno alkyl acrylate (generally 



6 



* 



10 



15 



20 



25 



30 



35 



40 



55 



60 



EP 0 202 780 B1 



as acid addition or quaternary ammonium salt) the degree of non-linearity is preferably such that the pol- 
ymer has an ionic regain (IR) of at least 15%. IR is calculated as P 

-j 1 x 100 

x 100 where x is the tonicity measured after applying standard shear and y is the tonicity of the polymer 
before applying standard shear. 7 

These values are best determined by forming a 1% composition of the polymer in deionised water, al- 
lowing this to age for 2 hours and then further diluting it to 0.1% active polymer. The tonicity of the poly- 
? er yj®™??"?^ Coll ? ld mf rt° n 83 described by Koch-Light Laboratories Limited in their publica- 
tion 4/77 KLCD-1. (Aftemabveiy the method described in BP 1,579,007 could possibly be used to deter- 
mine y.) The lonicfty after shear, x is determined by measuring by the same technique the tonicity of this 
solution after subjecting it to standard shear. 

-J h * 9 o 8hBar ls ^ best Wl!? 1 ml a solutlon in a substantially cylindrical pot having a diameter of 
about 8 cm and provided In Its base with a rotatable blade about 6 cm in diameter, one arm of the blade 
pointing | upwards by about 45 degrees and the other downwards by about 45 degrees. The blade is about 
1 mm thick and Is rotated at 16,500 rpm in the base of the pot for 10 minutes. These conditions are best 
provided by the use of a Moulinex homogeniser but other satisfactory conditions can be provided using 
kitchen blenders such as Kenwood, Hamilton Beach, lona or Osterizer blenders or a Waring Blendor 

In practice the precise conditions of shear are relatively unimportant since, provided the degree of 
shear is of the same order of magnitude as specified, it will be found that IR is not greatly affected by 

$? ^JJEfTSS ? *? SPSS? 1 for x ln t S a " ce th8 durat "on. 0* shear, whereas at lower amount of shear 
(for instance 1 minute at 16,500 rpm) IR is greatly affected by small changes in shear. Conveniently 
tiierefore the value of x is determined at the time when, with a high speed blade, further shear provides 
little or no further change in tonicity. This generally requires shearing for 10 minutes, but sometimes long- 
er periods, e.g., up to 30mmutes with cooling, may be desired. 

It should be understood that the defined shear is not shear that is applied to the polymer solution or to 
the flocculated suspension during the ftocculation process of the invention but is instead shear that Is 
applied as an analytical technique to permit definition of the properties of the polymers that may be used 
in the invention. ' 

When using cross-linked polymeric material, polymers having IR of 15% have a relatively tow degree 
of non-linearity whilst those having IR 90% have a high degree of non-linearity. It is generally preferred 
for IR to be below 80%^ preferably below 70%, and usually below 60%. If IR is too low the invention may 
give inadequate benefit compared to conventional polymers and preferably IR is above 20%. Best re- 
sults are generally obtained at above 25%, preferably 30 to 60%. 

ft Is desirable for the intrinsic viscosity to be as high as possible but satisfactory values of IV reduce 
as the value of IR increases. Generally 



Si 



where a is below 20 and is generally below 15 but is usally above 4. Generally a is in the range 6 to 14. 
Throughout this ^ specification IV is measured at 25«C in 3M NaCI according to the method described in 
Encyclopedia of Polymer Science & Technology, Editors Mark and Gaylord, published John Wiley & 
Sons, 1 971 , Volume 14 pages 71 7-740. 

If the polymer is cross-linked IV can be Increased by the application of shear (as Is also described In 
application EP-A 201 237) and the polymeric material is preferably one whose IV can be above 4, and 
preferably above 6, after the application of shear such as the standard shear described above. 

The aqueous composition of the polymeric material may be combined with the suspension that is to be 
flocculated by conventional methods of blending but, as described above, shear is generally applied suf- 
ficient to reduce floe size. / «ph « 

The amount of polymer that has to be added for optimum floe stability is often greater than the amounts 
conventionally used with highly soluble polymeric flocculants, usually at least 10% and often at least 20% 
greater than the amount that would be required when using a conventional, highly water soluble, substan- 
tially linear polymer. Suitable doses are in the range 0.01 to 3% often 0.5 to 3% by weight polymer based 
on dry solids. 

The amount that is required for adequate floe stability can be found by routine experimentation and 
for any particular ftocculation process, polymer type and degree of shear the amount of polymer will de^ 
pend upon the degree of swelling or solution of the polymeric material, e.g., the degree of cross-linking 
Generally the optimum amount increases with increasing amounts of cross linking. 

A convenient way for determining the optimum floe stabilising amount is to determine the dose that 
gives maximum floe size when the polymeric material Is sheared into the suspension and the suspension 
is left to settle. The optimum is the dosage that gives maximum floe size after shear and in the invention 
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A^££l appl, £ d te i eneral| V from 50 1( > 150. preferably 70 to 1 1 0% of this optimum dose. 
A particularly preferred process according to the invention comprises providing a homogeneous di- 
S P ? Sit, -° n l! pha ?° P^erised. non film-forming. aoss lir*ed?3aX«- 



IV a 10 °-*R 

a 



where a is from 6 to 14. adding this composition to sewage sludge in an amount of 50 to 150% of the 
amount required for maximum floe size after shearing, subjecting fte bl^eSinWure to toe shearino to 

JSSS™^ sub J? tan,ial| y «*Z* *b amount of sSspended^ 5*K* £2Sjff£ 

sultant aqueous medium on a centrifuge, piston press or belt press fl 
Tne following are some examples. 

The accompanying drawing is a graph of the results in Example 2. 
hJlf o e Tt Xa i nple P° lvnieric "Ta 1 ^ 101 n a° a specific viscosity well above 100 and a dry particle size 
below 2 urn and an aqueous composition of the polymeric material gave a discontinuous. partcK fflm 

Example! 

(A^ft acrytemlde and 42% dlmethylaminoethylacrylate quaternised with methyl chloride 

(DMAEA.MeCI) and having intonsic viscosity to 10 dl/g was prepared by reverse Dhase DolvmeSv, 
to give a particle size below 2 |im. followed by azeotroplc distiSatjSn It was labeBed Kf KSfiS 
S 5 "i d ' S ^ re,0 u n ° f P0,ymer ' m °»- ™ e monomlrs used ^SSSiffS^S^ 
tyteXg W3S fom,ed by *" "" ne meVmd *» presence of 10 PP mMBA « and taFliSKSZS 

30 as jaarj&as ^ with a marine biade to 9ive — — • sss 

(JJafl 0 ^"'^ suspension was dewatered on a laboratory centrifuge consisting of a cylindrical solid 
S «n f d /mft 13388 7" open ?. te top but with an inwardly extending Hp around its periphe^ The 
ci?!^ at f'?, 00 r 5 m .f? ^ 31 to 18 speed, filled with water (400 ml). 400 ml of the floccuteted sewaoe 
35 Sh" 35 fed fl ?*!?? r ' 1 t0 *» bowl mi6 s P' nnln 9- Som * of th a solid was trap^d in toTbSSe 
35 remainder passed out In toe overflow, as the centrate. Since the flocculated suspension Is aerated 

S 5T ,0d ° f ^ to 2,00 ° ^ centrifugal system of dewatering appfleVve% S S 

tt£fi£ZiST e ^ K t- B T r88U S are *»• wherein there is maximum reEn of sol ds hte 
cowl, with least solids content in toe centrifugate. 

40 JS^^^tolSffff "" , Whe " M wtth each of *■ l»* 



Table 1a 


Dose 


AC 


BC 


20 


1148 


1400 


30 


1088 


660 


50 


667 


368 


60 


1863 


244 


70 


2227 


342 


80 


2670 


. 402 


100 


4627 


626 


120 


5372 


726 



nf JIl e r^ nl ? ity re E ain of *? P 0, y mere was recorded for 10 minutes shearing, as in the definition of to- 
nicity regain given above, and also for 1 and 5 minutes shearing, and the values Tare shown in Table 1b. 
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Table 1b 



5 



Polymer 


Shearing Time 






1 min 5 min 


10 min 


AC 


5% 9% 


9% 


BC 


21% 42% 


42% 



10 It is apparent that the optimum dose for linear polymer AC, having a regain of 9%, is at 50 g/m3 whilst 
the optimum dose for non-linear polymer BC, having IR 42%, is at 60 g/m* but that polymer CB gives bet- 
ter results and its optimum results are obtained over a much wider range, 30 to about 120 g/ma than is 
permissible with polymer AC, I.e., the non-linear polymer is less dose sensitive. 

15 Example 2 

Five polymers were prepared by the same general process as In Example 1 using the same monomers, 
but with differing amounts of MBA. The polymers, the amounts of MBA in ppm based on monomer, the in- 
tnnsic viscosity and the IR values are shown in Table 2. 



25 



Table 2 


Product 


MBA 


IV 


IR 


QC 


0 


14.1 


6.7 


HC 


2.5 


11.1 


17 


IC 


5.0 


10.2 


23 


JC 


10.0 


6.7 


42 


KC 


25.0 


3.4 


59 



Solutions of the above products together with that of product AC were used to treat 100 ml samples of 
activated sludge over a dosage range. A visual assessment of floe size was carried out after the shear- 
ing in the Triton stirrer for 25 seconds. Using a scale of 1-8 where 1 represents the largest and 8 the 
smallest floe the results of the assessment were plotted as shown In the attached graph. In this way the 
optimum dose for each product was obtained. 

Activated sludge samples were then treated at the optimum dose with each product 200 ml portions of 
the treated sludge were then fed through the centrifuge as in Example 1, when the following results were 
obtained. 



Table 4 



45 



50 



Product 


Optimum Dose 

(mg/i) 


Centrate Suspended 
Solids (mg/l) 


GC 


35 


824 


HC 


45 


660 


IC 


50 


612 


JC 


60 


190 


KC 


90 


60 



55 This clearly demonstrates the Improved results in high shear dewaterlng when using an increased 
(double) dosage of a polymer that Is cross-linked to such an extent that IR is above about 30%. 

Example 3 

60 A range of copolymers of 60 wt% DMAEA.MeCI and 40wt% acrylamide were prepared as 50% dis- 
persions in oil as In Example 1 using different amounts of MBA and commercially pure monomers. 

All products were evaluated on a raw mixed primary activated sewage sludge as aids to gravity and 
compression filtration. This involved first stirring the sludge with 0.1% w/v solutions of the copolymers 
at various doses, in order to optimise the dose by observing the influence of cross linking on floe size 

65 Further samples of sludge were then treated at the optimum dose using periods of stirring, which repre- 
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sented different levels of shear and allowed for the optimum development of the floe. The stirring was by 
a Bosch electric drill unit fitted with a marine bladed stirrer. Dewatering was then carried out by allowing 
180 seconds of free drainage, on a filter wire retained In a Buchner funnel, followed by 180 seconds of 
drainage under compression. The filter cakes were weighed, dried and reweighed, In order to provide a 
measure of dry solids content 



The results obtained were as in Table 3. 

Table 3 



Product 


MBA 


Dose 


Stirring Time 


Cake 


(R% 




ppm 


<mg/l) 


(seconds) 


Solids (%) 




LC 


0 


140 


15 


16.0 


14.2 


MC 


2 


200 


45 


17.1 


27.6 


NC 


4 


220 


45 


17.4 


38.0 


OC 


8 


300 


75 


20.0 


50.8 



20 Example 4 

Products PC and QC were made in the same way, and from the monomer proportions as products GC 
and IC in Example 2 Additionally, a product RC was prepared at the same cationic monomer content but 
oc JSr rl ppm , MBA * 171889 three additional copolymers were collected together with copolymers JC and 
25 KC of Example 2 to form a range which Increased in lonicity regain and decreased in intrinsic viscosities 
as shown in Table 4a. 

Table 4a 



Product 


MBA 


LV. 


I.FL{%) 




(ppm) 


(dl/g) 


PC 


0 


14.3 


0.5 


QC 


5.0 


8.4 


28.0 


JC 


10.0 


6u7 


42.0 


KC 


25.0 


3.8 


59.0 


RC 


63.0 




71.0 



The above products were evaluated in the laboratory on sewage sludges in order to determine the 
dose givmg optimum technical performance, as described in Example 2. The chosen optimum amount was 
then mixed into 200 ml sewage sludge in a 400 mi beaker using a Heidolph Type 741.000 unit fitted with a 
turbine stirrer for 3 minutes on a number 2 setting. The flocculated sludge was then dewatered, in simula- 
tion of belt pressing, using a piston press. This involved increasing the pressure through the cycle as 
shown in Table 4b. 



Table 4b 



Period of Pressing (minutes) Pressure (bar) 

0- 1 0.7 

1- 2 1.4 

2- 3 2.1 

3- 6 2.8 



The process was conducted with two types of sewage. 

On completion of the pressing cycle the cakes were removed for dry solids determination. The results 
are shown in Table 4c. 
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Table 4c 



Sludge Type 


Product 


Dose(mg/i) Cake Solid 








(%) 


Digested 


PC 


250 


24.8 


primary/ 


QC 


325 


27.6 


activated 


JC 


375 


27.1 




KC 


650 


28.1 




RC 


1000 


27.7 


As above but 


PC 


40 


19.9 


containing 1. 


QC 


60 


22.5 


OM of added 
Nad 


JC 


80 


23.8 


KC 


150 


26.3 




RC 


275 


29.6 



the^cSnten?lsSeLs e e?° Ve reSU ' ,S * e *"* b ° ne ° f '" CreaSin9 0pt " mum d0se and 03,16 solids 33 



Example 5 



Teste were carried out In simulation of belt pressing as described in exampie 4 using products PC and 
nnnri J^ W Vn% and dos es above and below it Shlar was applied by 

pouring the flocculated sludge 10 times from one beaker to another. The digested primary/activated 
sludge used as test substrate was from an alternative source to that of example 4 Pn^ary/acuvatea 



Tables 



Product Dose (mg/Q Cake Solids (%) 

PC 125 ~ 10.1 

PC 150 11.0 

PC 175 10.8 

JC 300 134 

JC 325 14.2 

JC 350 13.4 



The results demonstrate how the order of cake solids varies about the optimum dose. 
Example 9 

Tests were carried out In simulation of high pressure filtration (filter pressing). This involved dewater- 
ing a raw primary/activated sludge, on the laboratory piston press at Wi jt^^ 
prey,ous example, products PC and JC were evaluated at doses equal to and above and be£w £e oral 

SrfsS ° P ' aft6r Sheari " 9 th8 flO0CUlated sus P ens ^ n *y P° urin 9 ^monTX^ 
Results were as shown In Table 6. 

Table 6 



Product 


Dose (mg/l) 


Cake Solids (%) 


PC 


100 


14.7 


PC 


125 


15.1 


PC 


150 


13.8 


JC 


225 


15.9 


JC 


250 


16.4 


JC 


275 


16.1 



Once again the results demonstrate how the order of cake solids varies about the optimum dose 
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Example 7 



Three copolymers having ratios of 80 wt% DMAEA MeCI to 20 wt% acrylamlde were DreDared as ra- 
M B ra A e n P n h ^ S % SUSpenSi0n P?*"^" dispersions. The three products M^^ffm^t 
MBA on wt of monomer and were identified as SC, TC f UC. Portions of Droducts SC and I l ir wm« ;S!«h 
together to provide 50:50 and 7555 blends respective!? (SC:UC) 

ei.2? ^ b,e ? ds 3,111 orisinal samples were each added to a digested Primary/Activated sewaae 
sludge over a dosage range and the flocculated product stirred for 25 seconds on thVTOon mixer of Jc* 

I I A T 1 w UaI asses ^ ement of f,oc size served to indicate the optimum dose for each treatment 
lahnr^ SSS. ""^ ^SPS f * e optimum dose of each P roduct and blend were evaluated on the 
^ fU96 . 38 6 * sa *> Q6 t L n Sample 1 after vigorous stirring of the flocculated aqueous med° 

urn with the Tnton mocer. Details of the products and results obtained were as in Table 7 



15 Table 7 



Product 


M.B.A 
(ppm) 


tonicity 
Regain 
(%) 


Optimum 

Dose 

(gAn a ) 


Centrate 

Solids 

<mg/i) 


SC 


0 


10.0 


100 


2272 


TC 


4 


26.5 


150 


1080 


UC 


8 


5Z2 


225 


340 


SC:UC-50:50 


(4) 


34.4 


125 


1236 


SC:UC-25:75 


(2) 


22.5 


125 


1846 



iaill? i LN.^fn^f n , i ,hat ? 8 ent «"f d Performance provided by cross linked flocculants can be ob- 
tained by blending linear end cross linking flocculants to Intermediate levels of cross linking. 



Example 8 



«&?^&E£Fu£f d J esc * ed in the previous example was earned out on copolymers having 
^InTabJe 8 Me®*"*™*** composition. Details of the products and results obtained are giv- 



Table8 



Product 


M.B.A 
(ppm) 


tonicity 
Regain 
(%)6 


Optimum 

Dose 

(g/rn 3 ) 


Centrate 

Solids 

(mg/1) 


VC 


0 


14.2 


100 


1856 


WC 


2 


27.6 


150 


1378 


xc 


4 


38.0 


175 


398 


YC 


8 


50.9 


225 


274 


50S0:VC:YC 


(4) 


33.2 


150 


534 


75:25:VC:YC 


(2) 


25.3 


150 


1416 



65 



Example ? 



^f^t,?^™^™™^ available canonic copolymer having composition 42 wt% DMAEA MeCI 
and 38 wt% acrylamjde and two commercially available anionic copolymershaving o^rt^^lO^lo. 
zr m |M e ^ 0 ^ «nftan*fe and 20 wt% sodium acrylate:80 wk acrylamide 

*n ^ ?J£ju Pf 11 ^^ "P 85 a2% so,utlons - Tn* solution of the cationic product ZC 

60 was rapidly mixed (using a Heidolph stirrer) in turn with the solutions of products JA and KA. 
When mixing was insufficiently rapid a precipitate settled. 
f,,n^L t H^^ P ° S c° nS V 6 ? evaIuated on an activated sewage sludge using the laboratory centri- 
Sn^abte 9 m P ' 3fler ViSOr0US Slirrin9 using the Triton mi * er for 25 seconds - ™* resX 
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Table 9 



Dose Centrata Suspended Solids (mg/Q 
(g/m 3 ) solution Soluttan Solution 

ZC gOZCgOKA 80ZC50JA 





30 


1000 


1114 


1260 




40 


632 


888 


1116 


10 


50 


668 


608 


1048 




60 


684 


408 


580 




80 


1248 


476 


460 




100 


1820 


510 


320 


15 


125 




668 


834 




150 


1872 


896 


1348 



ft can be seen that blends of anionic and cationlc solutions made from solid grade products are caoa- 
20 ble of producing a similar effect to that obtained using preformed cross linked polymers. 

Example 1 0 

. .. UsI "S a sircar procedure to that described in the previous example, solutions of product ZC were rap- 
25 idly mixed with varying volumes of solution KA to provide blends containing 5, 1 0, 20 and 30% of KA. 

Each solution was used to treat an activated sludge over a dosage range and visual assessment of 
floe size used to Indicate the optimum dose. 

Further activated sludge samples were then treated with the optimum dose of each solution before be- 
ing dewatered on the laboratory centrifuge. 
30 The following results are in Table 1 0. 



Table 10 



Treatment 


Optimum Dose 


Average 




range (mg/i) 


Suspended 






Solids of Centrate 


ZC 


40-60 


1456 


5:95: KAZC 


50-80 


1400 


10&0:KA:ZC 


50-80 


1176 


20:80: KA2C 


60-100 


1077 


30:70: KA-^C 


100-140 


835 



Example 11 

Settlement tests were carried out to compare product AC of Example 1 and product KC of Example 2 in 
50 regard to their ability to flocculate Raney copper catalyst. 

In carrying out these tests, 0.05% wt/v solutions of flocculant were added to 500 ml portions of 5% 
w/v Raney copper slurry in deionised, de-oxygenated water at room temperature. These were placed In a 
cylinder inverter and subjected to inversion to promote mixing after addition of the flocculant solution 
Subsequent inversions could be carried out, following those required for mixing, in order to test the floe 
strength. The quality of the floe formed was, at all stages, measured in terms of the settlement rate of 
the flocculated slurry, since large floes Invariably produce faster rates of settlement Settlement rate 
was measured as the time required to produce a visible mud-line in the flocculated slurry. 

Tests were first carried out to determine the optimum dose of flocculant with the results shown in Table 
11a. 

60 
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Table 11a 


riuwwU Ictn I 


Settlement Trnie (seconds) 


Dose(mg/l) 


rroauct ac 


Product KC 


n 


04.O 


54.8 


1 


OR 1 


41 .8 


10 


1fl A 


7.8 


CM 


fi C 

OaS 


3.0 


Of) 


4.7 


1 ft 


40 


5.4 


1.0 


60 


4.5 


1.7 


60 


4.6 


1.5 


70 


4.6 


1.5 


80 


10.6 


1.4 


90 


15.4 


1.9 


100 


20.7 


1.2 


140 




1.7 


180 




1.8 


220 




1.4 


260 




2.1 


300 




1.6 


340 




1.7 



Jt5S£Z!S2« " can ^®J e S n ^J 1 }! optimum dose for each P™ 11001 ,s 30 "IS". '» Is. however, appar- 
ent that the overdosing effect observed for product AC Is not apparent with product KC 

Further samples were treated at the optimum dose level and subjected to inversions with settlement 

time being measured for each of the flocculated suspensions after equal numbers of tomtom 8e " lement 

Results were as shown in Table 11b. 
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Table 11b 


Number of 


Settlement time (seconds) 


Inversions 


Product AC 


Product KC 


3 


6.3 


1.7 


6 


6.5 


1.3 


9 


6.0 


0.9 


12 


6.7 


1.2 


15 


7.8 


1.0 


18 


8.1 


1.1 


21 


8.8 


1.1 


24 


10.5 


0.9 


27 


11.3 


0.9 


30 


12.6 


1.4 


33 


14.4 


1.3 


38 


15.9 


1.3 


39 


17.3 


1.7 


42 


18.9 


1.3 


45 


20.8 


1.2 


60 




1.5 


90 




1.7 


111 




1.6 


141 




2.0 


171 




2£ 


186 




2.4 



35 From the results it can be seen that Raney copper catalyst treated with product KC manifests an sig- 
nificantly more stable floe than that treated with product AC. The flocculated catalyst gave substantially 
the same yield of acrylamide, when used in a conventional process for the hydrolysis of acrylonitriie, as 
the corresponding unflocculated catalyst but gave much easier separation of the reaction liquor from 
the catalyst 



E^mple 12 



A range of anionic copolymers, having composition 40 wt% sodium acrylate, 60 wt% acrylamide, were 
prepared from monomer mix containing different amounts of methylene bis acrylamide, by reverse phase 

45 suspension polymerisation. The degree of structure Incorporated into each copolymer increased in pro- 
portion to the amount of MBA in the monomer as indicated by depression of the intrinsic viscosity 

The above products were evaluated on coal fines in simulation of dewatering by belt filtration. This in- 
volved treating 400 cm3 portions of the coal fines with a solution of the flocculant followed by stirring 
for 1 20 seconds to apply shear and induce flocculation. The stirring was by a Heldolph stirrer on settino 

50 2 using a gate stirrer in a 600 cms beaker. The flocculated fines were then transferred to the belt press 
simulator and dewatered under the influence of pressure which was gradually Increased to 1 6 bar On 
completion of the dewatering cycle the cake was removed for dry solids determination and calculation of 
the yield. 

The MBA content, IV, results for cake solids and yield at the optimum dose established for each Drod- 
55 ud are shown in Table 12. K 
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Table 12 



10 



15 



Product 


MBA content 


LV. 


Dose 


Cake 


Yield 




(ppm of polymer) Wl/a) 


(mpfl) 


Solids (%) (%) 


AA 


0 


18.5 


100 


61.5 


85.2 


BA 


2.71 


14.3 


150 


60.0 


65.8 


CA 


6.76 


11.3 


400 


60.8 


90.0 


DA 


13.53 


6,6 


500 


57.8 


86.6 


EA 


20.29 


5.5 


600 


59.8 


92.6 


FA 


27.06 


2.7 


800 


59.8 


9Z4 


GA 


40.53 


3.1 


1200 


58.6 


93.7 


HA 


67.60 




1600 


59.1 


89.4 


IA 


135.30 




1600 


59.7 


84.9 
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25 



30 



vlJw^nHn^ m** J?**? degree of cross 0nkin 9 Increases the general trend is for Improvement In 
ZHS* 0 *? 8 H . and L A demonstr ate decreasing yield either because they are too cross Hnked to be 
effective or the optimum dose has not been attained. De 

Example iq 

on?E dli f 8 ^ ^ ^ of E^P'e 12 were used to treat coal tailings over a ranoe of doses 

and i flocculated suspension was tested on the centrifuge as described in Exampte 1 JhTdlle r nSS 

feln^ qUallty was , obtalned * e ««PandBd s^sTtnTc^^^^ 

S be "J? ^.^age of two tests, one employing 30 seconds of mixing, me o^er 120 se^ 
onds mixing to induce fiocculatlon. The mixing was as in Example 12. US8C 





Polymer 


Optimum Dose 


Suspended Solids 


35 




(mg/l) 


In Centrate (%) 




AA 


113 


1.38 




A.C, 


163 


0.78 




AJE. 


250 


0.55 


40 


A.a 


550 


0.42 



nJL^.^* 6 " 1 5 Hl 33 dea ? 3B of structure "i the polymer is increased (as indicated by the de- 
^ pressed I.V.) the optimum dose and effectiveness increase. ^ ™ Qfr 

Example 14 

= ^5f™fSiSS in oil > of P? 1 ^^ 0 P^es below 2 nm in size is made by reverse phase polymerisation of 
a blend of 40% acrylamide and 60% MeCI diethylaminoethyl acrylate and methylene Jbis acSdlln a « 
so amount sufficient to raise IR from near zero to between 35 and 40 mev W* n * 0iS acryiamlde In an 

Tha ™°l!fn^ t0 "US? if 1 sti l Tln9 ^ aDowed 10 a® 8 10 P f0vioe 3 stable composition. 
than 9 S35?5Sl!5 " added ?. a polymer dose of 81,001 6 k 9rt ,ota > ao'Ws to an aqueous suspension 
? m -J ?T" 9 ? wards a commer c , al sewage dewatering centrifuge, the treated suspension fe shewed In 
65 Jl^? "*5f fl0 ° 8iz8 "i!? 0 " 1 "dispersing discrete solids, and thalZEd?*!?^ 
""^S?- ™ 8 sollds c °ntent of the centrate is typically below 0.2% (0%is ideal) and 

EE"**' 18 2? OV9 f 8 * (100% is ldeaI >- W" 8 " Process is repeated using uncroS 
linked polymer, the corresponding values are typically above 1% and below 75%. 

6Q Example 15, 

Liift VEm«?/£? ""^ning 250g Wa > r ' 1 9 6tn y |an HA (non-ionic surfactant from Lankro Chemicals 
faS 2 A. ° (P°^ m8ris f t,on '"fator from Wako Pure Chemical Industries Ltd.) and 0 1o TefratonA 

tgttJSXSXfiS^ ^ C0 " 0idS M) md bUbbl6d W,th N2 Was I*"** a SsLl 
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A monomer feed was prepared by mixing 120g of dimethyl amino ethyl methacrylate and 80g of methyl 
methacrylate which was then added to the monomer feed vessel. An aqueous feed was prepared by mix- 
ing 200g water, 9g Ethyian HA, 0.3g V50 and 0.1g Tetralon A which was then added to the aqueous feed 
vessel. 

The contents of each vessel were then pumped separately, but in constant proportion, to a premlxtng 
chamber containing a high speed stirrer before being added to the resin pot The pump speed was adjust- 
ed such that the total volume of monomer and aqueous feed was added over a period of 90 minutes. Af- 
ter the addition was complete, the same was held at 75°C for a period of 1 hour before being cooled. 

The product of this example, designated Polymer A, was a 30% active polymer in water. Two further 
samples were prepared in the manner so described but containing 500 ppm and 5000 ppm of allyl metha- 
crylate in turn. These samples were designated Polymers B and C respectively. 

The products prepared as described were then diluted and acidified as the full HCI salt to 2% active in 
water. Performance tests were then carried out using the sheared CST technique as described previ- 
ously on a sample of digested primary/activated sludge. The results obtained are given in the following 
Table: 



20 



Product 


Crossiinkig 
amount (ppm) 


Polymer Dose {g.m 3 )/Shearing time (sees) 
250/25 400/25 500/25 600/25 700/25 


800/25 


900/25 


1000/25 


Polymer A 


0 


129 32 19 17 23 


28 


31 


47 


Polymer B 


500 


249 58 25 19 15 


19 


24 


53 


Polymer C 


5000 


388 140 78 67 35 


25 


16 


17 



25 

The results demonstrated that for these emulsion polymerised products Polymer A (having no cross- 
linking agent) is susceptible to a significant over-dosing effect above its optimium dose but with Poly- 
mers B and C the over-dosing effect becomes less apparent as the level of cross-linking agent increas- 
30 es. 

Example 16 

Four solutions were prepared from a sample of 50:50 DMAEAq MeCIACM copolymer (originally pre- 
35 pared as a 50% w/w dispersion in oil), as follows: 

Sample 1 1% w/W active polymer with activator 
Sample 2 0.1% w/w active polymer with activator 
Sample 3 1% w/w active polymer without activator 
40 Sample 4 0. 1 w/W active polymer without activator , 

All solutions were prepared in deionised water using 10 seconds low shear mixing followed by 2 hours 
tumbling. The activator, when present, was an oiMn-water emulsifier. 

Each sample was then used to condition aliquots of digested sewage sludge at a range of dosages, the 
45 performance being assessed In each case by means of CST time. 

A sample of the same material, prepared as above (with activator) 24 hours earlier was included as a 
control. 

The samples containing activator (1 & 2) and the control exhibited optimum performance at 80-1 00 g/m 3 
and at higher doses an over-dosing effect was seen. 
50 The unactivated samples (3 & 4) had optimum performance at a much higher dosage level (200 g/m 3 ) 
and did not exhibit any over-dosing effect, and their optimum dose gave a lower CST (better results) 
than the CST at the optimum dose of the control and samples 1 and 2. 

Example 17 

55 

When products prepared by reverse phase polymerisation, as dispersions in oil, are made up directly 
at low solution concentrations then, by virtue of the imposed low activator concentration in the solution, 
activation tends to be incomplete. This results in the polymer going only partially into solution. On using 
such partial solutions it has been demonstrated that improved technical performance can be obtained. 
60 in accordance with the above, solutions of product CA were made up at concentrations of 1 , 0.2 and 
0.1% w/v active polymer. Each of the solutions was subjected to tonicity regain determination with those 
at 1 and 0.2% being diluted to 0.1% immediately prior to determination. In similar manner the solutions were 
used to treat an activated sewage sludge prior to centrifugation, as described in example 1, with the 1 and 
0.2% concentrations being diluted to 0.1 % immediately prior to treatment. 
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Results were as follows. 



Original Solution 
Concentration (%) 


IR(%) 


Optimum 
Dose (mg/l) 


Suspended Solids 
in Centrate (mg/l) 


1.0 


18 


70 


1,600 


0.2 


30 


100 


850 


0.1 


60 


125 


270 



Claims 



15 JLL%?%? •". V lf hl ? 30 at » ueous suspension of suspended solids Is flocculated by adding a synthetic 

ft £Zeof^M UB0US ^'""l 9 ,locculated «»P»nded solidf^actSh 

mat at the time of addition to the suspension the polymeric material has a specific viscosity imeasured hv 

20 51 fl„^„^ 3 SKe * ^f l0W J° ^ me po,ymerio m ^rlal is added in a floVstebiHsing S £d 
.n^f ed „f°" ds a ™ S"*»Jected to shear in the presence of the aqueous medium subitaSv wtth- 
out Increasing the amount of suspended solids In the aqueous medium suostannaiiy with- 

the^q^r^ZSL^m h ^ S0 ' idS " subjected to — * sheari "° 

25 Jthe^SuSte^S^iS^ ^ redUC6S the fl0C Size ° f 4,18 ' «** 

aq^m^ -lids are separated from the 

30 hJt nX < l^„H t fh 0rding 10 """"i ln . whIch me flocculated solids are catalyst (preferably copper cata- 
RSn mSm ^ U8 ° US medn,m * ChemlcaJ reacfion med,um ' P ref «^ly an MrylSnttriBhyto?- 

water^S 10 ^ * ^ 1 10 6 h WhiCh the polymeric «* wate ' '"soluble 

35 8. A process according to claim 7 In which the particles are cross linked and have been fornied h« ™>- 
Sa^Sus SBS? " ^ »"» of a monomeVT ££? £S KffJSS 

40 10. A process according to claim 9 in which the particles are added to water whae inl Z 'font, of a oolv- 
mer-in-oil dispersion in the absence of an oil-ln-water emulsifier P V 

pol^ris^^ 10 h " M * *» hava baa " * -ulslon 

1 2. A process according to claim 8 in which the cross linking agent is a diethylenicallv unsaturated man 
45 omer and the amount of cross linking agent is from 1 to 100 ppm based I on the pSSma&SSSm^' 
TnSf? 00 !? a ° COrdin ? 10 Claim 8 in which 1,19 Polymeric material has IR greater I^SKfoM* 
25 to 70%) and is cationic. preferably being a copolymer of acrylamide wWnJh^i^SSSrtrf 
alkylammoalkyl acrylate (Including acid addition and quaternary aXionkl sate hereof) P 
14. A process according to claim 13 in which the polymer has Intrinsic viscosity of 



50 



55 



100- IR 
a 

where a is from 6 to 14. 



60 ha2" I vZ 4 SgSSfif* PreCe£ " n9 daim Wh '° h me P ° lymeric material has IV 4 « oan 

JiI'JtiHfSiEfFS* 10 P/ 8080 "^ daim in which a 1 % aqueous composition of the polymeric ma- 
tena I that Is added to the suspension gives, when cast as a film on a glass plate and dried a dboonC 
ous film of discrete swellable particles having a size of below 10 urn oiscontinu- 
es 18. A process according to any preceding daim in which the amount of polymeric material Is from 50 to 
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150% of the amount that gives maximum floe size after application of shear to the aqueous medium. 

19. A process according to claim 1 and which comprises providing a homogeneous dilute aqueous com- 
position of a reverse phase polymerised, non film-forming, acrylamide copolymer with diaikylaminoalkyl 
(meth) acrylate acid salt or quaternary salt having a dry particle size below 2 urn, IR above 15 and 

5 

iv = 100 ~ IR 

Si 

where a is from 6 to 14, adding this composition to sewage sludge in an amount of 50 to 150% of the 
10 amount required for maximum floe size after shearing, subjecting the blended mixture to the shearing to 
reduce floe size substantially without increasing the amount of discrete suspended solids, and dewater- 
ing the resultant aqueous medium on a centrifuge, piston press or belt press. 

Patentanspruche 

15 

I. Verfahren, bei welchem eine waBrige Suspension aus suspendierten Feststoffen durch Zugabe ei- 
nes synthetischen pofymeren Materials ausgeflockt wird, urn ein waBriges Medium zu bilden, das ausge- 
flockte suspendierte Feststoffe enthalt, dadurch gekennzeichnet, daB das polymere Materia) zur ZeH 
der Zugabe zu der Suspension eine relative Viskositatsanderung (gemessen durch Kapiliarviskometer 

20 bei 34°C an einer 0,5%igen deionisierten WasserlSsung) uber 10 aufweist und polymere Teilchen umfaBt, 
die im trockenen Zustand eine GrdBe von unter 10 pm haben, daB das polymere Material in einer flocken- 
stabilisierenden Menge zugegeben wird und daB die ausgeflockten Feststoffe praktisch ohne die Men- 
ge von suspendierten Feststoffen im waBrigen Medium zu erhahen in der Anwesenheit des waBrigen 
Mediums einer Scherung unterworfen werden. 

25 2. Verfahren nach Anspruch 1, bei welchem die ausgeflockten Feststoffe einer Scherung unterwor- 
fen werden, indem man das diese enthaltende waBrige Medium schert 

3. Verfahren nach Anspruch 2, bei welchem die Scherung die FlockengrdBe der ausgeflockten Fest- 
stoffe reduziert und das waBrige Medium dann entwassert wird. 

4. Verfahren nach einem der AnsprOche 1 bis 3, bei welchem die ausgeflockten Feststoffe von dem 
30 waBrigen Medium durch Entwasserung in einer Zentrifuge, Kolbenpresse oder Bandpresse abgetrennt 

werden. 

5. Verfahren nach Anspruch 2, bei welchem die ausgeflockten Feststoffe durch RQhren des waBri- 
gen Mediums kontinuieriich in Suspension gehalten werden. 

6. Verfahren nach Anspruch 5, bei welchem die ausgeflockten Feststoffe Katalysator- 
35 (vorzugsweise Kupferkatalysator-) Teilchen sind und das waBrige Medium ein chemisches Reaktionsme- 

dium, vorzugsweise ein Acrylnitril-Hydroiysereaktlonsmedium ist. 

7. Verfahren nach einem der AnsprOche 1 bis 6, bei welchem die polymeren Teilchen aus einem was- 
serunloslichen, in Wasser quellbaren Polymeren bestehen. 

8. Verfahren nach Anspruch 7, bei welchem die Teilchen vernetzt sind und durch Polymerisation el- 
40 nes Monomeren oder einer monomeren Mischung, das (die) In der waBrigen Zusammensetzung I6slich 

ist, in der Anwesenheit von zugegebenem Vemetzungsmittel gebildet worden sind. 

9. Verfahren nach einem der AnsprOche 1 bis 6, bei welchem die polymeren Teilchen aus wasseri5sli- 
chem Polymer bestehen und unter soichen Bedlngungen zur Suspension gegeben werden, daB sie slch 
nicht vollstandig aufgelost haben. 

45 10. Verfahren nach Anspruch 9, bei welchem die Teilchen, wahrend sie in der Form einer Polymer-ln- 
Ol-Dispersion vorliegen, in Abwesenheit eines Oi-in-Wasser-Emulgators zu Wasser gegeben werden. 

II. Verfahren nach einem der AnsprOche 7 bis 10, bei welchem die Teilchen durch Emulsionspolymeri- 
sation oder Umkehrphasenpolymerisation gebildet worden sind. 

12. Verfahren nach Anspruch 8, bei welchem das Vemetzungsmittel ein diethylenisch ungesattigtes 
50 Monomeres ist und die Menge an Vemetzungsmittel von 1 bis 100 ppm, bezogen auf die polymerisierba- 

ren Monomeren, betragt 

13. Verfahren nach Anspruch 8, bei welchem das polymere Material einen IR-Wert von grSBer als 
15% (vorzugsweise 25 bis 70%) aufweist und kationlsch 1st, wobei es vorzugsweise ein Copolymer von 
Acrylamid mit wenigstens 5 Mol.-% Dialkylaminoalkylacrylat (einschlieBlich Saureadditions- und quater- 

55 narer Ammoniumsalze desselben) ist. 

14. Verfahren nach Anspruch 13, bei welchem das Polymer eine Grenzviskositat von 

100-IR 



hat, wobei a 6 bis 14 ist. 

15. Verfahren nach Anspruch 7, bei welchem das polymere Material hergestelit wird durch Mischen 
einer waBrigen LSsung aus linearem wassertdslichem Polymer mit einer relativen Viskositatsanderung 
65 uber 10 mit einem geldsten Vemetzungsmittel, vorzugsweise einem Gegenion-Poiymer mit einer relativen 
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SSSsSiSr ^ e ' ner ** Ser ° hrt di9 ausrei ^ « *• "omogene 

o^a^ Materiai eine 

sassss^^ar- Gr0Be von ° r 10 - -rfs^KMRB & 

MeSSs wgito^ 9 ^ ' maXimale Rocken 9 r6Be ™* Scherung des waBrigen 

100-IR 
a 

law £SU1 hi d i- e Z " 93be d ,' eser ^^""lensetzung zu Klarschlamm in einer Menge von 50 bis 
150% der Menge, die fur eine maximale HockengraBe nach der Scheruno erforderiich 1st die Schwimn 
Sft!rS?S ^ is * un 9- ohne die Menge von diskreten 235«5SbJ2A?2 ™? 

^Z^X^^^L^^ des resuWerenden ^ mZ - 



Revendications 



d-un'e m^r! n^LTe une suspension aqueuse de solides en suspension est floculee par addition 
i-SJSSf? P olvme ™ synthetique pour former un milieu contenant des solides en suspenston flocuUs 
«22£^ 08 ""1 13 ma ? are P °^ mare P° ss6de ' au moment de Paddition a 18 suspension une 
22S!Mf!^ SU v s ?° sim9,r9 a | ube * 34-C sur une solution a 0.5% dans PewdfaS- 

nlsSe) de p us de 10 et consiste en particules polymeres ayant une dimension k sec de moins de 10 urn la 

2£LS£?£ 6St a L 0Utee n en quantlte stabil,sant ,es flocons 61 193 solid9S nSsTont soumisK 

n^t^^^ 09 ^ "* — flocu,9s «• ««* « — ► 

3. Procedd selon la revendlcation 2. caracteris6 en ce que le cisaillement reduit la dimension des flo 
cons des solides flocules et le milieu aqueux est ensulte dehydrate dimension des flo- 

cnnt' c^? d8 ^ el0 ",f Une < * ,eloont l ue J des revendications 1 k 3, caracterise en ce que les solides flocules 
SsJffirSe aqUeUX ^ d9Shydratetlon dana un9 centrifugeuse. une presse a plZlSTunl 

oension^mantl™ JSiEZS^A ^^f 9 9n 06 solides flocules sent maintenus en sus- 
pension de manure continue par agitation du milieu aqueux 

«te'hS2^^S la revendicat j° n 5 - caracteris6 en ce que les solides flocules sent des particules de 
( 8 pref ^ enc9 u " catelyseur au cuivre) et le milieu aqueux est un milieu de reactio^imique 
de preference un milieu de reaction d'hydrolyse d'aciylonitrile. cnimique, 

7. Procedd selon I'une quelconque des revendications 1 k 6, caract6ris6 en ce aue les Darticules nniv 
meres sont des particules de polymere gonflable a I'eau. insolubles danstaT P V " 

8. ProcfidS selon la revendication 7, carach§ris§ en ce que les particules sont r&icultes et ont 6t4 

9. Proc6dS selon I'une quelconque des revendications 1 k 6, caracterisS en ce que les Darticules rmlv 

dmons? e 0 |t d nltt l n da * a / 6 S0,Ub, 5 dans '" 9au 91 a^ajoutees a taSJS.Sn'dJSSSt 
drtlons telles qu elles n'ont pas 6\6 totalement dissoutes. 

10. Precede* selon la revendlcation 9, caract6ris<§ en ce que les particules sont aioutees a I'eau Inr* 

^feau 0nt S ° US 13 ^ d ' Un6 diSperSl ° n de ^ mke d ™ s ^uileTn ra^Ln^ 

60 ju \ 1 ' Proc6d6 selon ^une quelconque des revendications 7 a 10, caractense en ce que les Darticules ont 
te i9 0r ^ 6 L P f PfV"** « ."ion ou par f*mU^k\nm£E^ 9 * ° nt 
- P 2iu !/? ,on ,a revend| cation 8, caract§ris§ en ce que Tagent reticulant est un monomere h (nqa- 

65 1 3. Prockde selon la revendication 8, caracteris6 en ce que la matlere polymere a une Rl superieure a 
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15% (de preference de 25 a. 70%) et elle est cationique, de preference c'est un copolymere d'acrylamide 
avec au moins 5 mol% d'acrylale de dialkylaminoalkyle (y compris ses sels d'additon d'acide et ses sets 
d'ammonium quatemalres). 
14. Proc6de" selon !a revendlcation 13, caract6ris6 en ce que te polymere a une viscosit6 intrinseque 

de 

100 - RI 



dans laquelle a est de 6 a 14. 

15. Proc6d6 selon la revendlcation 7, caract6ris§ en ce que !a matiere polymere est prepare en me- 
langeant une solution aqueuse (fun polymere lineaire soluble dans I'eau ayant une viscosife spgcffique 
de plus de 10 avec un agent rSticuIant dissous, de preference un polymere contre-ionique ayant une vis- 

15 cosite specifique de plus de 10, tout en agitant avec une force suffisante pour former une composition 
aqueuse homogene. 

16. Proc&te selon Tune quelconque des revendications pr6c6dentes, caracferise' en ce que la matiere 
polymere a une [tJ de plus de 4 ou peut avoir une ft] de plus de 4 apres cisaJllement 

17. Proc6d6 selon I'une quelconque des revendications pr6c6dentes, caract6ris6 en ce qu'une compo- 
20 sition aqueuse a 1% de la matiere polymere qui est ajoutee a la suspension donne, par coulee en un film 

sur une plaque de verre et sechage, un film discontinu de particules gonflables distinctes ayant une di- 
mension de moins de 10 urn. 

18. Precede selon I'une quelconque des revendications prec6dentes, dans iequel la quantite de matie- 
re polymere est de 50 a 1 50% de ia quantite" qui donne la dimension maximale de flocons apres application 

25 du ctsaillement au milieu aqueux. 

19. Precede selon la revendication 1, caract6ris6 en ce qu'il consiste a partir d'une composition aqueu- 
se diluee homogene d'un copolymere non filmogene, obtenu par polymerisation a Inversion de phase, 
d'acrylamide avec un sel d'acide ou un sel quatemalre de (m6th)acryiate de dialkylaminoalkyle ayant une 
dimension de particules a sec de moins de 2 jim, une Ri de plus de 15 et une [n] egale a 



100 - RI 



ou a est de 6 a 1 4, a ajouter cette composition a des boues de cu rage en quantite" de 50 a 1 50% de ia quan- 
tity nScessaire pour ia dimension maximaie des fiocons apres cisaillement, a soumettre Ie melange agife 
au cisaillement pour reduire la dimension des flocons pratlquement sans augmenter la quantite de solides 
en suspension distincts et a deshydrater fe milieu aqueux resultant dans une centrrfugeuse et une pres- 
se a piston ou une presse a courroie. 
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nnSF OPTIMISATION 




"HO 20 30 40 50 60 TO 80 90 100 

DOSE (g/m 3 ) 
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